Abstract: Atypical antipsychotics (AAPs) have been successfully used in early-onset schizophrenia (EOS). This review summarizes the randomized, double-blind, controlled studies of AAPs in EOS, including clozapine, risperidone, olanzapine, aripiprazole, paliperidone, quetiapine, and ziprasidone. No significant differences in efficacy between AAPs were found, with the exception of clozapine and ziprasidone. Clozapine demonstrated superior efficacy in treatment-resistant patients with EOS, whereas ziprasidone failed to demonstrate efficacy in the treatment of EOS. Our review also focuses on the onset of action and weight gain associated with AAPs. The data on onset of action of AAPs in pediatric psychiatry are scanty and inconsistent. Olanzapine appears to cause the most significant weight gain in patients with EOS, while ziprasidone and aripiprazole seem to cause the least.
Introduction
Early-onset schizophrenia (EOS), defined by an onset before 18 years of age, has been mostly reported as a disorder with a poorer prognosis than adult-onset schizophrenia. According to a recent systematic review, only 15.4% of EOS patients experienced a "good" long-term outcome, while 24.5% experienced a "moderate" outcome and 60.1% a "poor" outcome. 1 The prevalence of EOS has not been adequately studied. 2 Some authors have reported that up to 20% of individuals with schizophrenia become ill prior to 18 years of age, 3 which constitutes a significant minority that deserves special attention. Atypical antipsychotics (AAPs) became an important part of modern psychiatric treatment during the 1990s, and significantly changed the treatment of schizophrenia by offering broader symptom control as well as a more favorable tolerability profile.
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Head-to-head comparisons
Clozapine was initially studied in comparison with haloperidol. 7 Clozapine was superior to haloperidol on all measures of psychosis and reduced both positive and negative symptoms. Clozapine produced more drowsiness and salivation, whereas haloperidol caused more insomnia. No cases of agranulocytosis were observed, but five patients developed neutropenia and three patients developed electroencephalographic abnormalities while on clozapine. One third of the clozapine group had to be discontinued due to adverse effects.
Another two trials compared clozapine with olanzapine. In a study by Shaw et al 8 there were moderate to large differential treatment effects in favor of clozapine; however, these reached significance only for alleviation of negative symptoms from an antipsychotic-free baseline, as measured by the Schedule for the Assessment of Negative Symptoms. They observed an increased proportion of treatment-related adverse events and symptoms in the clozapine group. Clozapine was associated with significantly more hypertension and supine tachycardia and a near-significant increase in sustained enuresis. Two patients on clozapine and one patient on olanzapine had a transient drop in their absolute neutrophil count below 1,500 cells/µL. Kumra et al 9 compared clozapine with "high-dose" olanzapine (up to 30 mg/day). The primary efficacy measure was improvement, defined as a decrease of 30% or more in the total Brief Psychiatric Rating Scale (BPRS) score relative to baseline and a Clinical Global Impression Scale-Improvement rating of 1 or 2. Significantly, more clozapine-treated adolescents met the response criteria (66%) than did olanzapine-treated patients (33%). Five patients experienced a serious adverse event that led to premature termination of treatment, including one case of neutropenia that was surprisingly not in a clozapine-treated patient, but instead was in an olanzapinetreated patient.
Despite the fact that the three above-mentioned studies were performed in relatively small and obviously underpowered samples (21, 25 , and 39 patients), clozapine demonstrated significant superiority over active comparator antipsychotic compounds in trials of different lengths (6, 8 , and 12 weeks). It was rather unusual, and testified to the considerable magnitude of its effect. A systematic review of clozapine data in EOS by Schneider et al included not only RCTs but also open-label and retrospective studies. 10 The authors also concluded that clozapine showed superior efficacy compared with other antipsychotics in the treatment of patients with refractory EOS.
The following two RCTs, which used head-to-head comparisons, compared drugs in groups of three. The first study was carried out in 50 children and adolescents with schizophrenia or other psychotic illnesses. 11 At the endpoint, 74% of patients in the risperidone group, 88% in the olanzapine group, and 53% in the haloperidol group had achieved significant improvement. Exploratory comparisons indicated that the magnitude of the antipsychotic response with atypical agents was comparable with that observed with haloperidol. Common side effects, ie, somnolence, extrapyramidal side effects, and weight gain, occurred in all three treatment groups. The second study by McClellan et al, employed olanzapine and risperidone (AAPs) and molindone (a typical antipsychotic drug). 12 The primary 
909
Atypical antipsychotics in early-onset schizophrenia outcome measure was response to treatment, defined as a Clinical Global Impression Scale-Improvement score of 1 or 2 and at least a 20% reduction in the total score from the Positive and Negative Syndrome Scale (PANSS). Several substantial study modifications were required to address safety, the use of adjunctive medications, and the termination of the olanzapine arm due to weight gain. 12 No significant differences were found between treatment groups in response rates (molindone 50%, olanzapine 34%, and risperidone 46%) or magnitude of symptom reduction. 13 Adverse effects were frequent but differed among medications. Participants reported a variety of side effects: the molindone group reported significantly higher rates of drug-induced akathisia, the olanzapine group reported significantly higher rates of weight gain and increased appetite, and the risperidone group reported significantly higher rates of constipation. Adverse effects led to premature treatment termination in eight patients on molindone, six patients on olanzapine, and five patients on risperidone.
A recent head-to-head study by Savitz et al compared paliperidone extended-release (ER) in three flexible doses (3, 6, or 9 mg/day) with aripiprazole in three flexible doses (5, 10, or 15 mg/day).
14 The primary efficacy measure was the mean change in PANSS total score. Responders were defined as those patients who achieved a 20% or greater reduction in the PANSS total score from baseline to endpoint. After 8 weeks of treatment, there was no significant difference between the groups in either the primary efficacy measure or in the responder rate (69.7% versus 76.3%). The most common (10% of patients) treatment-emergent adverse events for paliperidone ER were akathisia, headache, somnolence, tremor, and weight gain, and for aripiprazole, adverse events were worsening of schizophrenia and somnolence. The 8-week acute treatment study was followed by an 18-week double-blind maintenance period for a total trial duration of 26 weeks. At the endpoint on week 26, no significant differences between treatment groups emerged, but response rates increased slightly in both groups (76.8% versus 81.6%).
Placebo-controlled studies
Findling et al compared aripiprazole 10 mg and 30 mg daily with placebo in adolescent schizophrenia. 15 Using the PANSS total score as the primary efficacy assessment, they found that both aripiprazole doses were superior compared with placebo in the acute treatment of EOS. Adverse events while taking aripiprazole that occurred in more than 5% (of either aripiprazole group and with combined incidence at least twice that for placebo) were extrapyramidal disorders, somnolence, and tremor.
Haas et al examined flexible doses of risperidone 1-3 mg/day or risperidone 4-6 mg/day relative to a placebo control group. 16 The primary efficacy measure was a baselineto-end point change in the PANSS total score. Significant improvement was found in both risperidone groups versus placebo. Generally, adverse events were more common in the risperidone groups (75% and 76%) versus placebo (54%). More specifically, risperidone 4-6 mg/day compared with risperidone 1-3 mg/day had higher incidences of extrapyramidal disorder (39% versus 33%), dizziness (14% versus 7%), and hypertonia (14% versus 5%). No prolactin-related adverse events occurred.
Kryzhanovskaya et al studied olanzapine versus placebo in adolescents with EOS. 17 Compared with placebo-treated patients, olanzapine-treated adolescents had significant better results for the total score on the Brief Psychiatric Rating Scale for Children (BPRS-C), Clinical Global Impression ScaleSeverity of Illness (CGI-S), and the PANSS total and positive scores. A secondary measure was patient response rates, defined a priori as a 30% or greater reduction of the BPRS-C total score from baseline to endpoint and a CGI-S score of 3 or lower on the final assessment. The a priori-defined response rate did not differ between the olanzapine and placebo groups (37.5% versus 25.7%); additionally, extrapyramidal symptoms did not differ between the groups.
Singh et al performed a placebo-controlled comparison of paliperidone ER in three weight-based, fixed dosing (lowdose 1.5 mg/day, medium-dose 3 mg/day, and high-dose 6 mg/day). 18 The mean change in PANSS score from baseline to endpoint (primary efficacy variable) was significant for medium-dose paliperidone ER, but not for the low-dose or high-dose groups versus placebo. The responder rate (percentage of patients with 20% or more reduction in PANSS total score from baseline to endpoint) was significantly higher in the medium-dose (64.6%) and high-dose (51.1%) groups, but not in the low-dose group (38.9%) versus placebo (33.3%). Somnolence, akathisia, insomnia, headache, and tremors were reported as the most common (5%) adverse events associated with the paliperidone group.
In a different study by Findling et al 19 adolescents with EOS were randomized to quetiapine (400 or 800 mg/day) or placebo treatment groups. The primary efficacy measure was a change in the PANSS total score from baseline to day 42. Quetiapine at both doses provided significant improvement relative to placebo, including the primary efficacy measure. The proportions of patients who achieved the a priori defined response criterion (ie, a 30% or more reduction in PANSS total score on day 42) were 38.4%, 36.5%, and 26.0% in the quetiapine 400 mg/day, quetiapine 800 mg/day, and placebo groups, respectively, a difference that was not significant. The overall incidences of adverse events in the quetiapine 400 mg/day, quetiapine 800 mg/day, and placebo groups were 79.5%, 74.3%, and 60.0%, respectively, with medication-related adverse events reported in 56.2%, 46.0%, and 22.7% of cases, respectively. The most common adverse events associated with quetiapine were somnolence, headache, and dizziness.
In a third study by Findling et al 5 subjects were randomized to flexible oral doses of ziprasidone (40-160 mg/day, based on weight) or placebo. The primary endpoint was a change from baseline on the Brief Psychiatric Rating ScaleAnchored (BPRS-A). A 6-week RCT was followed by a 26-week, open-label extension study. A planned interim analysis for the primary endpoint in the RCT resulted in early termination of both studies. Treatment of EOS with ziprasidone failed to differentiate itself from the placebo group; however, ziprasidone was generally well tolerated, with a neutral weight and metabolic profile. Somnolence and extrapyramidal disorders were the most common adverse events compared with the placebo group (19.7% versus 6.7% and 11.4% versus 1.1%, respectively).
Onset of action
The "onset of action" parameter also appears in the literature, where it is similarly referred to as the "speed of onset of action", "time to efficacy", or "time to first improvement". Onset of action was defined, for double-blind studies, as the time to the first statistically significant difference between active and placebo treatment groups, which could also be considered as the "time to onset". 20 Some authors underscore the need for a three-arm design (active drug, comparative drug, and placebo), claiming that it is more accurate, 21 while other methodologies have been found effective in retrospective studies. In retrospective studies, "onset of efficacy" is defined as the day when the first remark regarding "patient improvement" appeared in the patient's medical documentation.
In our review of the literature, focused on the onset of action of AAPs in the treatment of schizophrenia, we narrowed the list of studies to those that directly compared at least two AAPs. 22 In total, we found twelve relevant studies for adult and adolescent schizophrenia and the results were surprisingly inconsistent. One half of the studies reported onset of action equivalency in AAPs, while the other half reported a faster onset of action for risperidone versus clozapine, olanzapine, and quetiapine. Additionally, a faster onset of action has been reported for ziprasidone versus aripiprazole and clozapine. 22 The only pediatric study dealing with mean response time reported a faster onset of action for olanzapine (1.6 weeks) versus risperidone (2.3 weeks) and haloperidol (2.4 weeks). 11 We performed a retrospective study in a group of 296 teenage patients treated for schizophrenic psychoses in our department between 1997 and 2007. 22 The time to first improvement could be estimated in 258 patients; of these, 195 (76%) had been treated with AAPs and 63 (24%) with typical antipsychotics. The mean time to first improvement was 6.9 days in the AAP group and 5.8 days in the typical antipsychotic drug group; the difference was significant at the trend level (P=0.063). With respect to individual drugs, the mean time to first improvement was 7.1 days for risperidone, 6.7 days for olanzapine, 6.5 days for ziprasidone, 6.1 days for quetiapine, 7.4 days for clozapine, 5.2 days for haloperidol, 5.9 days for perphenazine, and 6.0 days for sulpiride. Differences between the drugs were not significant.
weight gain
AAPs were introduced to child and adolescent psychiatry in the belief that they were better tolerated, especially with regard to a lower risk of extrapyramidal side effects. 6 This appeared to be true; however, other side effects soon became apparent. Among children and adolescents, weight gain, or an increase in body mass index, emerges as one of the most significant side effects of AAPs, with an ensuing risk of type 2 diabetes, cardiovascular morbidity, and metabolic syndrome. 23 There are significantly more data available than just efficacy studies, therefore complete reliance on RCTs is not necessary. Fortunately, the data on weight gain obtained from open-label and retrospective studies are potentially as reliable and useful as data from RCTs. For example, if we compare data on olanzapine-associated weight gain derived from 6-week double-blind, open-label, and retrospective studies, 17, 24, 25 we see very similar results (4.3 kg, 4.6 kg, and 4.4 kg, respectively).
Several recent comprehensive reviews have concluded that AAPs, compared with typical antipsychotic drugs, are associated with a greater risk for antipsychotic-induced weight gain, and among the AAPs, olanzapine appears to cause the most significant weight gain, while ziprasidone seems to cause the least. 6, 23 It is important to compare the dynamics of weight gain between short-term and long-term studies. Unfortunately, 
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Atypical antipsychotics in early-onset schizophrenia both short-term and long-term data are available only for some antipsychotics, and this narrowed our comparison (Table 2 ). In our short-term, retrospective EOS study, adolescents gained an average of 3.6 kg on risperidone, 4.4 kg on olanzapine, and 2.1 kg on clozapine during a 6-week treatment period. 25 These results are very similar to those described in a 6-week, open-label study by Fleischhaker et al who reported an average weight gain of 2.8 kg for risperidone, 4.6 kg for olanzapine, and 2.5 kg for clozapine. 24 Weight gain reported from other 6-week studies include: quetiapine 400 mg/day, 2.2 kg versus quetiapine 800 mg/day, 1.8 kg; 19 aripiprazole 10 mg/day, 0.0 kg versus aripiprazole 30 mg/day, 0.2 kg; 15 and ziprasidone -0.1 kg. 5 Results for paliperidone ER are as follows: 0.3 kg for low-dose, 1.1 kg for mediumdose, and 1.4 kg for high-dose treatment groups. 18 A 3-month cohort study of first-time use of AAPs in children and adolescents reported a mean weight gain of 8.5 kg with olanzapine, 6.1 kg with quetiapine, 5.3 kg with risperidone, and 4.4 kg with aripiprazole. 26 A 6-month cohort study in drug-naive patients found a mean weight gain of 11.5 kg with olanzapine, 7.1 kg with risperidone, and 6.3 kg with quetiapine. 27 Finally, a 6-month RCT reported a mean weight gain of 2.3 kg for paliperidone ER and 0.40 kg for aripiprazole.
14 A rough analysis of these results shows that the weight gain continually increased with AAPs until the third month, after which it either plateaued (quetiapine, 6.1 kg versus 6.3 kg in 3-month and 6-month comparisons), or the speed of weight gain substantially diminished (risperidone, 5.3 kg versus 7.1 kg in 3-month and 6-month comparisons). However, this trend was less apparent for olanzapine (8.5 kg versus 11.5 kg in 3-month and 6-month comparisons). Thus, the observations support the recommendation of the American Academy of Child and Adolescent Psychiatry that the risk of weight gain may limit the use of olanzapine as a first-line agent. 
Discussion
Published RCTs in EOS differed substantially in sample size and methodology, and this made comparison and generalization somewhat difficult. Initial studies included at most 50 patients, [7] [8] [9] 11 ie, subject numbers that would have been barely acceptable in adult psychiatry due to an underpowered design. The situation only improved in 2008 when the first larger and better designed studies appeared; a remarkable and noteworthy delay compared with adult psychiatry. Most studies lasted 6 weeks, but some lasted 8 weeks, and one study in treatment-resistant patients lasted 12 weeks (Table 1) . Six studies used the PANSS as the primary scale for efficacy assessment, five studies used the BPRS and its modifications (BPRS-C, BPRS-A), and one study used the Schedule for the Assessment of Negative Symptoms (Table 1) . Some trials had no a priori definition of response and some did (although, in different ways), such as a reduction in the BPRS or PANSS total scores by 30% or more 9, 17, 19 or a reduction in the PANSS total score by 20% or more. 13, 14, 18 These a priori-defined responses of 20%-30%, from a clinical perspective, represent relatively small changes; however, at the same time we must take into account that AAPs are drugs with calculated effect sizes in the range of 0.11-0.29, which according to Cohen's classification would be small to moderate. 28 We have concluded, along with many other authors, that there are no significant differences in efficacy between AAPs, with the exception of clozapine and ziprasidone. 5, 6, 10 Clozapine demonstrated superior efficacy in treatment-resistant patients with EOS 6, 10 and probably would demonstrate such efficacy in the general EOS population if its use, due to hematological side effects, were not limited to refractory patients. The position of ziprasidone for treatment of EOS, on the other hand, has been weakened by negative results from a pediatric RCT, 5 and according to the American Academy of Child and Adolescent Psychiatry, it should not be considered for EOS, 2 even though its efficacy in adult schizophrenia is beyond doubt. [29] [30] [31] Generally speaking, we found limited data on the efficacy of AAPs in the treatment of EOS; however, we found a definitive lack of efficacy data with regard to specific subtypes of schizophrenia, particularly catatonic schizophrenia. Experience from adult psychiatry shows that typical antipsychotic drugs may worsen catatonic symptoms and should be avoided if symptoms of catatonia are already present. 32 There are some studies and case reports in adult populations demonstrating the benefits of AAPs such as clozapine, olanzapine, risperidone, and quetiapine in catatonia. 33 In pediatric psychiatry, only case reports for olanzapine, 34, 35 aripiprazole, 36, 37 and risperidone 38 are available. This review also demonstrates that the amount of data regarding the speed of onset of action of AAPs in pediatric psychiatry leaves much to be desired, and future study designs that feature head-to-head comparisons would be extremely valuable. With regard to weight gain, lack of data is not an issue. Since the meta-analysis by Allison et al first highlighted the topic, 39 and right through to the present, an abundance of data has been generated concerning use of AAPs and weight gain in both adult and pediatric psychiatry. Unfortunately, ziprasidone, an atypical antipsychotic drug that causes the least weight gain, also appears to be ineffective in EOS. 5 Among the effective treatments for EOS, aripiprazole appears to cause the least weight gain. 14 Our review confirms a shortage of RCTs in EOS, and also reveals a decreasing trend in publishing head-to-head RCTs. Since 2008, only one head-to-head RCT has been published. 14 This might be associated with the disappointment arising from the premature termination of the olanzapine arm in the McClellan et al study (due to weight gain), which skewed the results of the entire study. 12 In contrast, numerous comparative head-to-head studies have enabled extensive meta-analyses that have provided important information concerning the treatment of schizophrenia in adult populations, 28 something that is lacking in the fields of child and adolescent psychiatry. Considering the timeline, the majority of RCTs was published in a 6-year period between 2004 and 2009 (seven RCTs), whereas only four RCTs were published subsequently (2010 to present). This may reflect stagnation in the extension of experience from adult psychiatry to pediatric psychiatry, stagnation in development of new atypical antipsychotic compounds (in general), or a particular new trend, expressed in the words of Sarah Webb:
Whereas the pharmaceutical industry has been increasingly shying away from psychiatric disorders, such as schizophrenia and depression, interest in autism has intensified. 40 
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